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Abstract
The aim of this investigation was to study the coronary pressure-flow relationship in 60 patients with chronic
arterial hypertension of diverse aetiologies and in 14 normotensive subjects (control group). The hypertensive cohort
included 6 patients with isolated systolic hypertension (ISH), 7 renovascular hypertensive patients with abnormally
elevated angiotensin II plasma levels but without electrocardiographic and/or echocardiographic evidence of Ieft
ventricular hypertrophy (LVH) and 47 subjects with essential hypertension (EH), 21 of whom had LVH by
electrocardiogram and/or echocardiogram. In the hypertensive cohort a Frank-StarlingJike curve was found to
describe the coronary pressure-flow relationship when the baseline values for coronary sinus blood flow (CBF,
intravascular Doppler technique) were plotted against mean aortic pressure (intra-arterial blood pressure). In
particular, the descending limb of such a curve represented a critical region where CBF was "inappropriately" low
with respect to perfusion pressure. It was thus concuded that this inability of the heart to adapt CBF to its needs
might account for the higher propensity to develop myocardial ischaemia encountered in severe essential hyperten-
sive subjects with concomitant LVH and renovascular hypertensive patients.
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1. Introduction
There is overwhelming epidemiological and ex-
perimental evidence confirming the importance
of established arterial hypertension as a major
risk factor for stroke, renal disease and ischaemic
heart disease [1-8]. In particular, long-standing
hypertension is known to interfere with myocar-
-C-r"rponding 
author. Centro di Fisiologia Clinica e
Ipertensione, Via S. Sforza 35,20122 Milan, Italy. Tel.: (+39-
D 55033523: fax: (+39-2) 5457666.
Elsevier Science B.V.
ssDl  0300-2977(9s )00063 -  I
dial perfusion by both accelerating atherosclero-
sis [9], thus promoting obstructive coronary le-
sions, and inducing qualitative abnormalities in
coronary haemodlnamics, whether they are asso-
ciated with left ventricular hypertrophy (LVH)
ll7-191or with activation of the renin-angioten-
sin system [10-16]. The present investigation was
carried out to define the impact of progressively
increasing blood pressure levels on coronary blood
flow in patients with established hypertension of
diverse aetiologies and without angiographic evi-
dence of coronary artery disease.
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2. Materials and methods
Nl 14 male subjects (age range 34-55 years)
were enrolled in this study after giving their in-
formed consent. Fourteen subjects were nor-
motensive (control group), 6 patients had isolated
systolic hypertension due to mechanical factors
(reduced aortic distensibility), 7 patients were
affected by renovascular hypertension (RVH) and
exhibited a chronically activated renin-angioten-
sin system (RAS) but neither ST-T abnormalities
nor evidence of LVH on electrocardiographic-
echocardiographic examinations. Forty-seven pa-
tients with essential hypertension (EH) were also
enrolled. In2l of them, the presence of LVH was
assessed by electrocardiography and/or echocar-
diography. The presence of significant coronary
artery disease was exluded in normotensive indi-
viduals by non-invasive diagnostics (maximum
stress test according to Bruce protocol) and in all
hypertensive patients by coronary arteriography.
2. 1. Haemodynamic studies
All haemodynamic studies were performed in
the morning without premedication. A number-5
French polyethylene catheter was introduced per-
cutaneously (using local anaesthesia with L% li-
docaine) into the brachial artery and advanced
under fluoroscopy control to the ascending aorta
for direct measurement of blood pressure. Phasic
and mean arterial pressure (MAP) were recorded
continuously during the study by means of a
Statham strain-gauge transducer (P23db) con-
nected to a Battaglia Rangoni recorder (model
KO-380). An electrocardiographic tracing was
recorded continuously during the haemodynamic
studies. Coronary sinus blood flow (CBF) was
measured by the intravascular Doppler technique
[20]. A preshaped coronary sinus guide catheter
(7F) was introduced through an antecubital vein
and positioned using fluoroscopy in the coronary
sinus. A 3F Doppler catheter (Millar inc. 20
MHz) was then advanced until its tip transducer
stuck out 5 mm above the distal end of the guide
catheter. Stroke coronary volume (SCV) was cal-
culated as the product of coronary sinus cross-
sectional area and time-velocity integral of pul-
satile coronary sinus blood outflow. CBF resulted
from the product of SCV and heart rate.
3. Results
Over a wide aortic diastolic pressure range
(from about 85 to about 155 mmHg), resting CBF
values were found to vary significantly in our
study population. In normotensive subjects, mean
aortic pressure, taken as an index of coronary
perfusion pressure, ranged from 87 to I02 mmHg
and CBF from 150 to 176 ml/min; in patients
with isolated systolic hypertension (ISH), MAP
ranged from 103 to 116 mmHg and CBF from 190
to 2I3 ml/min; in essential hypertensive patients
without evidence of LVH, MAP varied from 105
and 1.42 and CBF from 170 and 223 ml/min; in
RVH patients, MAP ranged from L28 to 142
mmHg and CBF from 160 to 195 mllmin; in
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Fig. 1. Coronary pressure-flow relation in normotensive sub-
jects (N), in patients with isolated systolic hypertension (ISH),
in patients with essential hypertension (EH) both with and
without left ventricular hypertrophy (LVH) and in patients
with renovascular hypertension (RVH). Over a wide aortic
diastolic pressure range, CBF was found to vary significantly,
the higher blood pressure levels being associated with a
decrease, rather than an increase, in CBF.
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patients with EH and with concomitant LVH,
MAP ranged from 1.23 to 156 mmHg and CBF
from 170 to 228 ml/min.In Fig. 1 the values for
CBF measured in our study population are plot-
ted against the corresponding values for mean
aortic pressure. No changes in the pressure-flow
relationship were found even if CBF was adjusted
per unit anatomic cardiac mass as determined by
2D echocardiography [21].
4. Discussion
Like many other vascular beds, the coronary
circulation exhibits a substantial capacity for au-
toregulation 122,231. Under acute experimental
conditions (Fie.2), CBF is known to remain con-
stant in the face of transitory changes in perfu-
sion pressure between approximately 70 and 130
mmHg. Because of the straight pressure-flow
relation curve below 70 and above 130, consider-
able changes in CBF are expected to occur when
these breaking points in the sigmoid pressure-
flow curve are exceeded. However, the precise
role of coronary flow in coronary heart disease
morbidity in patients with progressively increas-
ing blood pressure levels remains to be clarified.
According to our experimental data a Frank-Star-
ling-like curve rather than a sigmoid curve seems
to describe the coronary pressure-flow relation-
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Fig. 2. The left panel shows the traditional pressure-flow
relationship (coronary autoregulation) resulting from perfu-
sion pressure-induced changes in coronary wall stretch under
acute experimental conditions. The right panel depicts the
hypothetical pressure-flow relationship operating in a chronic
systemic multifactorial disease like arterial hypertension.
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Fig. 3. Diagram relating the progressive increase in coronary
perfusion pressure and coronary blood flow.
ship operating in a chronic, systemic disease like
arterial hypertension (Fig. 2). Over a wide aortic
diastolic pressure range, increases in CBF at rest
are proportional to rises in coronary perfusion
pressure until a critical point on the central, flat
portion of the pressure-flow curve is reached.
Further elevations in coronary perfusion pressure
are associated with a decrease in CBF. As shown
in Fig. 1, patients with ISH due to reduced aortic
distensibility and inild essential hypertensive pa-
tients without LVH lie on the ascending limb of
the curve. Under these clinical subsets, the
changes in CBF match myocardial oxygen de-
mand. Moderate essential hypertensive patients
without LVH and some moderate essential pa-
tients with LVH rest on the central plateau of the
curve. This early depression in the slope of the
curve implies an initial inability to match further
rises in myocardial oxygen demand at rest by the
control mechanisms of myocardial perfusion. In
this evolutionary phase the hypertensive disease
is likely to be associated with the detection of
ST-T abnormalities on the ECG. Both renovascu-
lar hypertensive patients and more severe essen-
tial hypertensive subjects with LVH definitely lie
on the descending limb of the pressure-flow
curve. Under these clinical circumstances, CBF is
"inappropriately" low with respect to perfusion
pressure (Fig. 3). An additional outstanding as-
pect deserving comment is the finding that de-
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spite the similar pressure load imposed on the
left ventricle, renovascular hypertensive patients
lie on a more depressed descending limb than
patients with severe EH with concomitant LVH.
LVH and high levels of AII, the effective hor-
mone of the renin-angiotensin system cascade,
thus seem to exert an adverse influence on the
control mechanism of CBF. Much more than
LVH, high levels of AII can induce a very marked
downward shift of the descending limb of the
coronary pressure-flow curve. This inability of
the heart to increase flow and possibly oxygen
supply according to its needs can account for the
higher propensity to develop ischaemic heart dis-
ease encountered in RVH than in EH. Our data
are in keeping with the hypothesis that besides
coronary atherosclerosis, the abnormal coronary
functional responses associated with LVH and
AII "overload" may be responsible for myocar-
dial ischaemia.
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